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Loading and Preprocessing Images a.d ¢¥1 gt lxe g yguall Juasdd

abily 4egaxa O og—adl ez ‘a.x:':ﬁ_a.‘gg_"d\ olastl O dcgazxa L?YL”J‘ g_,bg)_d\ t]a.ﬁl‘ Ky viwrn)
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%%capture
import matplotlib.pyplot as plt # used for visualization
from os import listdir # used to list the contents of a directory

'pip install scikit-image # used forimage manipulation
from skimage.io import imread #used to read a raw image file (e.g. png or jpg)
from skimage.transform import resize # used to resize images

# used to convert an image to the "unsigned byte" format
from skimage import img_as_ubyte

sl (b L1ty Lgread 3Lag ¥ Ll sl Bagama 2 sl S (355 0] sl @haill clsaylsi cllas
slasl Lgd 0155 cgomy Lgie JS e 5l (Al _ales) input_folder ;e ysunll 1,2, S a5l

def resize_images(input_folder:str,
width:int,
height:int
E

labels = [] #a list with the label for each image
resized_images = [] #a list of resized images in np array format
filenames = [] #a list of the original image file names

for subfolder in listdir(input_folder): # foreach sub folder

print(subfolder)
path = input_folder + '/' + subfolder

for file in listdir(path): #for each image file in this subfolder

image = imread(path + '/' + file) #reads the image

resized = img_as_ubyte(resize(image, (width, height))) #resizes the image
labels.append(subfolder[:-4]) # uses subfolder name without "Head" suffix
resized_images.append(resized) #stores the resized image
filenames.append(file) # stores the filename of this image

return resized_images, labels, filenames



resized_images, labels, filenames = resize_images("AnimalFace/Image",
width=100, height=100) # retrieves the images with their labels and resizes them to 100 x 100

BearHead EagleHead PigeonHead Osnug el almall s lal Lo ola
CatHead ElephantHead RabbitHead B (Luly) Head Lg;.)ljlc_hau\
ChickenHead LionHead SheepHead 539mgal 53l puslic sLead ot
CowHead MonkeyHead TigerHead SR e
DeerHead Natural WolfHead Lelals

DuckHead PandaHead

MRGB s o a5 ygmall oyl odl s imread () adls Goads
iy gy 0¥ taly B e Geaatl] 1a 2t aasy
221 a3 RGB ol allai 29 .0l s191 (pn Analy Ao gama
(OoIM Ay ligSa 55 Lo Gl clginl B 3G 9 R
(G =Green) ,as¥isllly (R =Red) ,en¥i0slll a4
g Ol S Jus IS et - (B = Blue) @531 sl
IS (E03¥ gl 3Lidg sV g l13Ldy « yan Y (1311 5L33)
Aesd oSl 2L o Sy ¢ (8-bit) o moles gy 3L
ol aeads uauls Lol 255-0 eaiill (o 5432555 0 20

b AR (P R o A ¢ .(Unsigned byte) 3 La! ¢y gu

Aol wal ol 35900 14,2 JS5

O dawlgdegamma Jfiad O clgiall oda (o el i

Bl 93 oSl JalSIL yonl g (09w (255 :010) Bauall 53 oSl JE S e ¢ JuSl1 2 0ol
Sl g s JualSIL 3531 g (058 (000255 daall 53 JuuSlly e JoalSUIL yns T dig) (3984w (0:255.0)
c3gel digd y9Sas (0.0.0) Laall 93 JuuS g yanl digd (35S (2550255 :255) dayall 93

VX eblan! Jidd suealy agium e ot Lo AL 38 2. JuuSll 0 i 5 (RGB ol ¥ allsi
o« JL s e - (IMage Matrix) gualt ad game @l 3 il oia Il HLads 3 guall 2 csdasl)
00T Lgy da U1 rma ) plailly 4.2 JSAI1 2 5392 511 3 gl hyliie | 2

# reads an image file, stores it in a variabe and

# shows it to the user in a window

image = imread('AnimalFace/Image/LionHead/1ioni78.jpg")
plt.imshow(image)

image.shape

(169, 169, 3)
Ot Al gg Laruas g Lot O e g 40040 glu}L.u 169 x 169 dagaina (ye 5 gatl o delds o &S5

RGB o sl allait (3531 / yuiainl / yanT) dal) ol yial il sganll 23 03,00 i < JuiS; (28,561)
13 3 gumll 0208 (pn Jo¥1 JuuSall ()91 B L sl plail| podasas cJEL i e

# the pixel at the first column of the first row [162 68 66]
print(image[0][0])



:(Float-based) ad> sue e Al aeals Al RGB s (o sguatl g (A1 eamamdl s (5%

resized = resize(image, (100, 100))
print(resized.shape)
print(resized[0][0])

(100, 100, 3)
[0.40857161 0.27523827 0.26739514]

RGB )Ll el g il @ d 5L 100 x 100 sLasl sl 3 Lagainn I Lgas pus 13355l ol ¢y @il e
G ) 653l 5 e Lgligad salel (Sasg 150 o deid el 3 009Sat (Normalized) Lo g @3 JouuSy JSI

resized = img_as_ubyte(resized) (100, 100, 3)
print(resized.shape) [164 70 68]
print(resized[0][0]) [162 68 66]

print(image[0][0])

ey 1M oz )28 201 JuSl RGB (ol 191 0 Caiies
WL 5V e gy Alia¥ 5ygnll 2 5320l @il (e
gazma 532 G 539l Aelis ey «aamad! i (e 2250
e gl aag 4.3 AN 2 5 gla LeS LS gung J31 Ll cnse

.100 % 100 Geeus I 169 X 169 angainall daiis

# displays the resized image
plt.imshow(resized);

3aml sl (ya sl el eluadlsa e caputll sy 3
bl Ao gazme 23352 511 Hguall (e 3 3uo 1 SIS 13 Las
.(100.100 .3) Geeiall azltae 2

o 20 =0 €0 80

W;Miwijs)wz4.3dxa

violations = [index for index in range(len(resized_images)) if
resized_images[index].shape !'= (100,100,3)]

violations

[455, 1587]

A Y pdgie pul 1y Abuall el puidillas jud onse 3529 (e ome sl pladll lis ca i,
O Glzma y Il Glabaitl agdy . lilidl A gama 2 3390 gl Hoall pan e Lgapdas ‘«3 resize_image()
Leguile oty Leaslasl 1 LYl conippuall crla deliday
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plt

violations[0]
violations[1]

posl
pos2

print(filenames[pos1])
print(resized_images[pos1].shape)
plt.imshow(resized_images[pos1])
plt.title(labels[pos1])

cowl.gif
(100, 100, 4)

print(filenames[pos2]);
print(resized_images[pos2].shape);
plt.imshow(resized_images[pos2]);
plt.title(labels[pos2]);

tiger0000000168. jpg
(100, 100)

3,01 Jas < (100100 .4) slasl 53 S5 L 21531 3 gl
Gueatid! 138 9« RGB 3uwadd (ye Yo RGBA Gwuiny Lgil 4
! (Alpha) Latislia o5 dal; dalol 3Ld Lle ot

B S e Sy JS Lala s i

# prints the first pixel of the RGBA image

# a value of 255 reveals that the pixel is not transparent
atall.

resized_images[pos1][0][0]

array([135, 150, 84, 255], dtype=uint8)

O Juss (100.100) slasl 53 JS_s Lt :aslidl 35 ol
(Grayscale) @abe s g3 Guuiin 3 y5eall () Ao el !
B30 /ol Jlat) Gewitly RGB Gewiy cowds
Alaiys Ll 3ga Bl ol (Misleading yellow/blue)
@3 syl e il 500 JS i IMShow 11 Lgailad 4!

1ol LS o3lall ()Sang gala Il !

.imshow(resized_images[pos2], cmap = 'gray')
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L s e -G 9101 255 Sl Aad fiad e e 3908 (3101 0 Sl 3 JiS o 255 31 0 ¢ ye

resized_images[pos2][0][0]
100

degarma 2 (lgue 390 S Olsie OS5 lawmy AL ma yll plaill ag iy cnliledl 3asd 2 Lol HLaslSy
bl

# used to count the frequency of each element in a list. Counter({'Bear': 101,

from collections import Counter ‘Cat': 160,
'"Chicken': 100,

label_cnt = Counter(labels) ‘Cow': 104,

label_cnt 'Deer': 103,
'Duck': 103,

'Eagle': 101,
'"Elephant': 100,
"Lion': 102,
'Monkey': 100,
"Nat': 8,

A ag b ylaiall Aagdll Ah) iy Lin

ugcgakgjt(ngaﬂleanue)Natv 'E?ggzn::liié,
o el dlae dads yolic 4l 'Rabbit': 100,
'Sheep': 100,
'Tiger': 114,
"Wolf': 100})

D3am (e 2053 G pguall e (B all Coungy bty taall o{us)-ﬂ 2309 2bilge Hgo e bkl de gama g9
Loadie g dagd s9u0 3Lad e (g5aody « (Lagudall) Nat Lgilgie lun 3 yiin 3% (e (slaadl) Counter ca Sy .ol gua!
49 sl Ly dngn Yy Bunls 1Ll jgum e (g3 (Outlier) 2 ylatie @ ol 3 824 ol Ol cll ety gy S5 935
Olga ¥

(Raadat!) Nat 34 s Sl sgaall JS G135 gale I 75l 335109 RGBAS 900 213L I e ol claill 053
Lz e Gl hsally pagliall g cclalll slasl @3l93 g0

N = len(labels)

resized_images = [resized_images[i] for i in range(N) if i not in violations

and labels[i] != "Nat"]
filenames = [filenames[i] for i in range(N) if i not in violations and
labels[i] != "Nat"]

labels = [labels[i] for i in range(N) if i not in violations and labels[i] !=
"Nat“]



QJuyzuaAc;tLthLJ\Pjggj(L4a=;.Jigil Jgall) resized_images (s 2 Al 34 tasdl Jhen
Lm\ulu\umﬂ‘tla.al‘ em kIl g ala )yl g (pa ool dadgi La Corus (‘5\_“4) Numpy

4:-5.[‘ ‘d.u.” ‘QL@A L‘_,J\}d\ e Gpglially bBL et 35Lad ,9_‘54;“._“:. u.d‘ (XcY) «_'b.u.«.u

import numpy as np

X = np.array(resized_images)
Y = np.array(labels)
X.shape

(1720, 100, 100, 3)

)J.CUJL:LU ‘RGB&MEJMw)_&cjaiw_wjuju_lc Ledlaat ablgd! Xml_yl__ulcjwds_&&;%
train_test_split() alls alasial Sy o 5l (s 315 e 61) 100 % 100 slals Lgagan g el sial

)L.Co-‘ anj.e_‘g-_n_g [ETPR a.c}a_?-_n u.”‘«;\l_vl_n“..d‘ a.c}n_‘gr_n (Q:A....‘EJJ sklearn MS.AU.A

from sklearn.model_selection import train_test_split

X_train, X_test, y_train, y_test = train_test_split(

X,

Yy

test_size = 0.20, #uses20% of the data for testing
shuffle = True, # to randomly shuffle the data.

random_state = 42, #toensure that data is always shuffled in the same way

Ll @553 2 Lie cannn aloma JS (ya pguntl ol 231 55 1 dlome il il guondl 5 gus il aloma o 15155
Juass) shuffle=True darisg oot 43 Jloma 2 Asls ccubia ) lg31 (e dgaadl Julias I I (635 139
LSl geie slilesdl a3 3okel mnd! oo cale don gy RIS 02 Jomy Blaadl o ! pdadll 2 (a1 35le]

b g syl S

Prediction without Feature Engineering oafiha&,]‘ Z\.w..\.‘@ O 3..\4 Wi

&_a_‘SMLJ‘a.\:-}J‘um.aj du‘d.u_uulc dy‘p.\uc_v\_m‘))‘}:.u_n .J_v.k.d‘m 6.\_” _a_._d\ 6ab‘u_u\_m.”
‘LA)LL«:-UMY‘ﬁhcé\.&.ﬁuﬂ)&%ubw\ﬁ\M‘Jﬁw‘géb‘g—Aﬂ)wuﬂ;Mﬁ@F%

LV M G e Lis 28 51 ULl Ao gaze 2 bl Alad JS g5 Lady

X_train[0].shape

(100, 100, 3)
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5330 JS2 el gala] dnie 2.3 550 S (Flatten) ot L) el ol sl ¢,y el

&

.4.45 30,000 = ]DOXumx3¢mﬁémmuﬂbtﬁéihuum

X_train_flat = np.array([img.flatten() for img in X_train])
X_test_flat = np.array([img.flatten() for img in X_test])
X_train_flat[0].shape

(30000, )

oailad duaighs Lol aga ¢l Ju w;mmma_@)bﬁ.g\ e ol M‘ menm‘ OSas
UM).J‘ t]a.nl‘ ‘QMJ w)_,_aaul_’\.u] QAJLA:J‘ MMUJLYLM UJLJ‘ (Q_A.M.QJ‘ c.a}.;wj ‘kg);.l 4.154.4.1
c.Lasjﬂ &w.dl uLLn.J\ Ca it l—tAJ‘ ‘AJ:F_J_A.H‘ L;..\J‘ (Nalve Bayes - NB) c.\LuJ‘j.ab ‘_a_u.anu.ﬂ_d\
A
from sklearn.naive_bayes import MultinomialNB # imports the Naive Bayes Classifier
model_MNB = MultinomialNB()
model_MNB.fit(X_train_flat,y_train) #fits the model on the flat training data

MultinomialNB()

from sklearn.metrics import accuracy_score # used to measure the accuracy

pred = model_MNB.predict(X_test_flat) # gets the predictions for the flat test set
accuracy_score(y_test,pred)

0.36046511627906974
el 44y s UaeY mSliitl 4slsdl(Confusion Matrix) 48,0128 gawme ALl Lome yull pdadll (o ya

%%capture
!'pip install scikit-plot
import scikitplot

scikitplot.metrics.plot_confusion_matrix(y_test, #actuallabels
pred, #predicted labels

title = "Confusion Matrix",
cmap = "Purples",
Seo, o0 ®® f1g51ze = (1(:)110)1
oo._'...:..oc x_tick_rotation = 90,
M °e normalize = True #to print percentages
)
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: (MultinomialNB) 2 g}
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el 2 o, a ¥ bl ol ol
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1 galt oyl s W sy gl e
. (Stochastic Gradient Descent - SGD)
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from sklearn.linear_model import SGDClassifier

model_sgd = SGDClassifier()
model_sgd.fit(X_train_flat, y_train)
pred=model_sgd.predict(X_test_flat)
accuracy_score(y_test,pred)

0.46511627906976744

2

) ) ‘46/%,; 25 Bgmele S el 235 SGDClassifier caias 3ams

EubEll @l Y 2 L a ULl e 4 e @)l e
‘(Sta“da’d Sca"“g) el ls 320550 Lo @3 o« Leude MultinomialNB
poas EIPERN/IL TP Aegara 6l po ol Aalsn bl e jpiall taalinE Caieal
u@hmp-mduy‘p-\-uﬁ— lad Buadlgn JSI Caniall 539301 ol g3 eall (g 3Linne il
09SS ey @bl degame i< 2, | a3 SGDClassifier dwylsa ol Cagyall fyos s gL Jrs
Grdo gl daugio &l gy pailasl a5y JLa¥ abile emsd Laie Jusdl
ol oalal oyl 350 2 punbidl] @l p i

:bled! @umad sklearn o cpe (uwliat! ﬁ;il) StandardScaler /.1 AL Gyl adadll o

from sklearn.preprocessing import StandardScaler

scaler = StandardScaler()
X_train_flat_scaled = scaler.fit_transform(X_train_flat)
X_test_flat_scaled = scaler.fit_transform(X_test_flat)

print(X_train_flat[0]) # the values of the first image pre-scaling
print(X_train_flat_scaled[0]) # the values of the first image post-scaling

[144 142 151 ... 76 75 80]
[ 0.33463473 0.27468959 0.61190285 ... -0.65170221 -0.62004162
-0.26774175]

:hp%;gﬁﬁsegdlcﬂjgg\cﬂ;}apnﬁl¢kL£QaJQE>b.QJQ.CB}QS%QJJJlechQ

model_sgd = SGDClassifier() 0.4906976744186046
model_sgd.fit(X_train_flat_scaled, y_train)
pred=model_sgd.predict(X_test_flat_scaled)

accuracy_score(y_test,pred)

oln 333 gy Aol 59 2 Lo Gy oy O Jatomd] (yong o] cony (o 3523 (ol S Jus



Prediction with Feature Selection jailas! ¢ EGL 5.cCd

Jogo3 i @l |3 e s 2 bl madaaad Gyl e g3 Laidl s 8 e slaad) @adl] 355
LS ailasd] dwuigd il el

g g1 Ol yoTlY Ay ST Ooliatainty < Bosll bl Byl cliiall a2

: (Histogram of Oriented Gradients -HOG) i eadll gy dunlll day ey
e 2\_6;51\;.\;,).\:&2\%)\)5:‘1!& Ll ‘?5_33 %ﬁ‘&l@)ﬂé)ﬁ‘&&l‘wﬁ sl
AL ol i s ]’, 0 a\_“:éj 135l .(Histogram of Oriented Gradients -HOG)
ol 2 o SISH K8 qgdig siad e mud S2 clhbaall A waia 2 Y1 3s il Jhas
gl Jagai 2 A g sl b suall Al Sl

A iSa e rgb2gray () il ﬁl_u';._u,\_, RN ﬁl_gm OSa9 ¢ galay oS @ils Heio I RGB Gus (4o
:sckit-image

from skimage.color import rgb2gray # used to convert a multi-color (rgb) image to grayscale
# converts the training data

X_train_gray = np.array([rgb2gray(img) for img in X_train])

# converts the testing data

X_test_gray = np.array([rgb2gray(img) for img in X_test])

plt.imshow(X_train_gray[0],cmap="gray'); plt.imshow(X_train[0]);

an
oo

#0

L] 20 40 &o 80 0 20 4“0 60 50

olay ot el 33550149 IS Bl )15V 350 4.8 U

:3x100 X 100,31 wieal) RGB il (ye Yoty 1100 X 100 Goaaiis sl 3 5300 JSI ot JS1

print(X_train_gray[0].shape)
print(X_train[0].shape)

(100, 100)
(100, 100, 3)



i (ySang oLl 25 y50m IS g gl il 5ol () S dalaiell milnss oLl 2 200l sslasll fam
2 ¥ 5 y5unll e Ylie AL e il plasl C_‘iﬁj sckit-image 4.8 (e hog () Wy U5 (pe clID
:g...:u..ﬁ." &;lLlLA“.! a.cj.a.?_n

from skimage.feature import hog

hog_vector, hog_img = hog(
X_train_gray[0],
visualize = True

)

hog_vector.shape

(8100,)

S 20 s L e

]

e A g ¥ Aol 9n ,\_.:Jl é;l_si 4= g a hog_vector
3 )gun] a.@;ﬁll QB;.{LU:;;\)SJAM :4.10 J8E k:;).ta_.t.” M‘)—@BJJ AB)}.MQ_N ‘J.._;LA]J L@A‘.L"L‘L.Lu‘ ")_S.A:\‘g La_..!J.LC
al ol afll |ag)

plt.imshow(hog_img);

33 e 58 s 6,3 Sl Caiiomg o3 ygundl 2 Al JISEYN 30 duuadl Jieil 1oa e
JS e il 13 L oma ! ezl 3 3hag 5l s O e o el e L o LgiSas 31 3ol
LY Ae gazmag copuill degazma (3o JS 2 guall

X_train_hog = np.array([hog(img) for img in X_train_gray])
X_test_hog = np.array([hog(img) for img in X_test_gray])

tanasd! Jiadl L Lle SGDClassifier ey oY S

# scales the new data

scaler = StandardScaler()

X_train_hog_scaled = scaler.fit_transform(X_train_hog)
X_test_hog_scaled = scaler.fit_transform(X_test_hog)

# trains a new model
model_sgd = SGDClassifier()
model_sgd.fit(X_train_hog_scaled, y_train)

# tests the model

pred = model_sgd.predict(X_test_hog_scaled)
accuracy_score(y_test,pred)

0.7418604651162791



scikitplot.metrics.plot_confusion_matrix(y_test, #actuallabels
pred, #predicted labels
title = "Confusion Matrix", #titleto use
cmap = "Purples", #color palette to use
figsize = (10,10), #figure size
x_tick_rotation = 90

)
30
Confusion Matrix
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Prediction Using Neural Networks d.cuaal SUSCAS | afddviuly 3.0l
oSy Sy ssmemal] il Tmmies coliioms o panat) dprecnall SIS ol wiie A4S @il 18 - Dogy
o g sl sl sl 65,31 dabainl Ale < Jie Aladdl lle ol izl e 5543 o Olan W (oo oS 2
) ooyl 1341 Ol gidl Keras 2.58a9 TensorFlow 2.8 ‘amﬁ} bl sl 2 iy
(el 1Sy syl @uu\jgl Oy daul 9 @ Legame , 058 6,“.1\ Lindsie 4Se o tensorflow dosa

L@:..JL..A} (Tensors) skas¥f 3saie uLg:u.ﬁ O G Al @biliasd! Cag pats (rasieiinald ey
4_4;.5)_:.545 el Gsiiwa il s Keras sy & i ‘kg);.l b bl e sl 350stie cilBgins =)
)_»,yj (s Lml:-ul_us.nj‘) TensorFlow a_aSe aluseiwl e 9 Lgwusg zaledl < Lid da ]
AoSa Ceaning d.n.o.c(c.\_ucéjm sl g i L@m:-uu&uuﬂb\.a.um@)...ll zoledly oladall (1o degaza

Opeylasl L'a-_vb I,L.:. (PIFE Y DVERNE IR | PIVERPENE LU RS RO T vl Keras
A al .9_4_u.44: ads < c_v\_s.).‘z-_n e d_.laf duslyy Jlss o (Activation Functions) dacacatt Jigs
Ll ‘q_\.'.u A al maag ng_n.dj (Non-linear) adas ;& S ailins (o L@.'L' 5 LS dumall
Lo ats o ASadl e1al o le 5350 o (S Laga | yoal dagiaiat! a1y HLas wd‘uhuliow|

- )-‘a-di).mn ‘JLU_‘LG"JL”}‘—‘M—*-’J«“\—MA-”

s g4L>J:=ncAL@gJJ_cLJb‘j33YI_J)¢*M

Q JSa! .s,ﬂjael_nswu_‘mu;l“l_g

L Wy o X, IMA e dpemall el sl L 14,12

y o-mmee @< —————— @< ------ W, &-mmmee X, 2 Lo dprmall LSS (e ayaall day
15391 @y dais e 53y cnlads

«cgll g e Lilal craasy el 3l

dagaatl 4l :4.12 <
iiSe Al eyl il e

%%capture i .k_ Saot fl

'pip install tensorflow HEras S e tEnsortiow

'pip install keras

4;.3 ey insdl SIS il il lans e g due liba ¥ & cenadl LS e b pad ALl 3usgll 2
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# gets the set of all distinct labels
classes=list(set(y_train))
print(classes)

print()

# replaces each label with an integer (its index in the classes lists) for both the training and testing data
y_train_num = np.array([classes.index(label) for label in y_train])
y_test_num = np.array([classes.index(label) for label in y_test])

print()

# example:
print(y_train[:5]) #first5 labels
print(y_train_num[:5]) #first 5 labels in integer format



['Elephant', 'Duck', 'Monkey', 'Cow', 'Sheep', 'Wolf', 'Tiger', 'Deer',
"Cat', 'Lion', 'Rabbit', 'Panda', 'Pigeon', 'Chicken', 'Eagle', 'Bear']
['Panda' 'Pigeon' 'Monkey' 'Panda' 'Sheep']

[11 12 2 11 4]

Aliie lads S8 2 Gunc 30 <L Keras 45Ss s (lill) Sequential 31l alasil o3I ¢S

from keras.models import Sequential # used to build neural networks as sequences of layers
# every neuron in a dense layer is connected to every other neuron in the previous layer.
from keras.layers import Dense

# builds a sequential stack of layers

model = Sequential()

# adds a dense hidden layer with 200 neurons, and the RelLU activation function.
model.add(Dense(200,input_shape = (X_train_hog.shape[1],), activation='relu'))
# adds a dense output layer and the softmax activation function.

model.add(Dense(len(classes), activation='softmax'))

model.summary()

Model: "sequential"

Layer (type) Output Shape Param #
dense (Dense) (None, 200) 1620200
dense_1 (Dense) (None, 16) 3216

Total params: 1,623,416
Trainable params: 1,623,416
Non-trainable params: 0
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# compiling the model
model.compile(loss = 'sparse_categorical_crossentropy', metrics =
['accuracy'], optimizer = 'adam')

idec 2 (model compile()) auenitl Aoy ,ally Keras e 2 S #g ol sluel adls ‘AM
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model.fit(X_train_hog, #training data
y_train_num, #labels in integer format
batch_size = 80, #number of samples processed per batch
epochs = 40, #number of iterations over the whole dataset

)



Epoch 1/40

17/17 [==============================] - 1s 16ms/step - loss: 2.2260 - accuracy: 0.3333
Epoch 2/40
17/17 [==============================] - 0s 15ms/step - loss: 1.1182 - accuracy: 0.7256
Epoch 3/40
17/17 [==============================] - Qs 15ms/step - loss: 0.7198 - accuracy: 0.8155
Epoch 4/40
17/17 [==============================] - 0s 15ms/step - loss: 0.4978 - accuracy: 0.9031
Epoch 5/40
17/17 [==============================] - 0s 16ms/step - loss: 0.3676 - accuracy: 0.9388

Epoch 36/40

17/17 [==============================] - Qs 15ms/step - loss: 0.0085 - accuracy: 1.0000
Epoch 37/40
17/17 [==============================] - 0s 21ms/step - loss: 0.0080 - accuracy: 1.0000
Epoch 38/40
17/17 [==============================] - 0s 15ms/step - loss: 0.0076 - accuracy: 1.0000
Epoch 39/40
17/17 [==============================] - Qs 15ms/step - loss: 0.0073 - accuracy: 1.0000
Epoch 40/40
17/17 [==============================] - 0s 15ms/step - loss: 0.0071 - accuracy: 1.0000
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pred = model.predict(X_test_hog)
pred[0] # prints the predictions for the first image
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0s 2ms/step

array([4.79123509e-03, 9.79321003e-01,
7.83501855e-06, 3.50346789%e-04,
4,.41945267e-05, 4.11721296e-04,
1.97038025e-04, 2.34744814e-03,
dtype=float32)

.39506648e-03, 1.97884417e-03,
.45465224e-07, 1.19854585e-05,
.27362555e-05, 9.83431892e-06,
.49758552e-04, 1.57057808e-03],

U= W
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# index of the class with the highest predicted probability.
print(np.argmax(pred[0]))

# name of this class

print(classes[np.argmax(pred[0])])

# uses axis=1 to find the index of the max value per row
accuracy_score(y_test_num,np.argmax(pred, axis=1))

1
Duck
0.7529021558872305
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Prediction Using Convolutional Neural Networks
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: (Convolutional Neural Network -CNN)
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from sklearn.naive_bayes import MultinomialNB #imports the Naive Bayes Classifier from sklearn

X_train_flat =

np.array( )

model_MNB = MultinomialNB() # new Naive Bayes model

model_MNB. fit(

, ___) # fits model on the flat training data
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from skimage.color import # used to convert a multi-color (rgb) image to grayscale

from sklearn. import StandardScaler # used to scale the data

from sklearn.naive_bayes import MultinomialNB #imports the Naive Bayes Classifier from sklearn

X_train_gray = np.array([ (img) for img in X_trainl]) #converts training data

X_train_hog =

scaler = StandardScaler()

X_train_hog_scaled = .fit_transform(X_train_hog)

model_MNB = MultinomialNB()

model_MNB.fit(X_train_flat_scaled, )
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Loading and Preprocessing Images t,g 91 (gt Laa g ygualt Jeadd
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%%capture
import matplotlib.pyplot as plt
from os import listdiry

I'pip install scikit-image

from skimage.io import imread

from skimage.transform import resize
from skimage import img_as_ubyte

# a palette of 10 colors that will be used to visualize the clusters.
color_palette = ['blue','green','red', 'yellow', 'gray', 'purple', 'orange’,
"pink', 'black', 'brown']

_al=s) input_folder ys (clilgumtl_sga9) LHI-ANimal-Faces cLily de gama y3um 2 bl 31l 1,2
1 (e g 5 <L o yaly Jo Lol sLasl Lgh 0155 cioomy Lgiia JS o Sty e Ly lind! (3
2555 0 ez U1 U gl L0 2318 5 3my s ptianall pleall GsLadl sl 10 resize_images ()
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VISERT

def resize_images_v2(input_folder:str,

width:int,

height:int,

labels_to_keep:list

)3
labels = [] # a list with the label for each image
resized_images = [] #a list of resized images in np array format
filenames = [] # a list of the original image file names

for subfolder in listdir(input_folder):

print(subfolder)
path = input_folder + '/' + subfolder

for file in listdir(path):

label=subfolder[:-4] #uses the subfolder name without the "Head" suffix

if label not in labels_to_keep: continue

labels.append(label) #appends the label

#loads, resizes, preprocesses, and stores the image.

resized_images.append(img_as_ubyte(resize(imread(path+'/"'+file),
(width, height))))

filenames.append(file)

return resized_images,labels,filenames
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resized_images,labels, filenames=resize_images_v2(

"AnimalFace/Image",

width = 224,

height = 224,

labels_to_keep=['Lion', 'Chicken', 'Duck', 'Rabbit', 'Deer',
'Cat', 'Wolf', 'Bear', 'Pigeon', 'Eagle']

)
BearHead MonkeyHead ] o
CatHead Natural 5 pduall agliall ola
ChickenHead PandaHead Lgalasil @i )
CowHead PigeonHead
DeerHead RabbitHead
DuckHead SheepHead
EagleHead TigerHead
ElephantHead WolfHead

LionHead
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import random

#connects the three lists together, so that they are shuffled in the same order
connected = list(zip(resized_images,labels,filenames))
random.shuffle(connected)

# disconnects the three lists

resized_images,labels,filenames= zip(*connected)
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import numpy as np #used for numeric computations
X = np.array(resized_images)
Y = np.array(labels)

X.shape
(1085, 224, 224, 3)
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X_flat = np.array([img.flatten() for img in X])
X_flat[0].shape

(150528, )

X_flat[0] # prints the first flat image
array([107, 146, 102, ..., 91, 86, 108], dtype=uint8)
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X_norm = X_flat / 255
X_norm[0]

array([0.41960784, 0.57254902, 0.4
0.42352941])

, ..., 0.35686275, 0.3372549 ,
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%%capture
'pip install yellowbrick
from yellowbrick.text import TSNEVisualizer

tsne = TSNEVisualizer(colors = color_palette) #initializes the tool
tsne.fit(X_norm, y) #uses TSNE to reduce the data to 2 dimensions
tsne.show();

TSNE Projection of 1985 Documents
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from sklearn.cluster import AgglomerativeClustering # used for agglomerative clustering
import scipy.cluster.hierarchy as hierarchy

hierarchy.set_link_color_palette(color_palette) #sets the color palette
plt.figure()

# iteratively merges points and clusters until all points belong to a single cluster
linkage_flat = hierarchy.linkage(X_norm, method = 'ward')

hierarchy.dendrogram(linkage_flat)

Lt. show() O 35ke (2,15) ward
plt.show
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AC = AgglomerativeClustering(linkage = 'ward',n_clusters = 10)
AC.fit(X_norm) # applies the tool to the data

pred = AC.labels_ #gets the cluster labels

pred
array([9, 6, 3, ..., 4, 4, 3], dtype=int64)

Adjusted Rand . (JLas¥!) Completenessy « (-l=ul) Homogeneity el y_&je f..\_’;;._ﬁ‘\;g.b
Ll B liall 3 aaii) (I B gll (e LT Gupll 2 Lgude iy LaiSy () 1)



from sklearn.metrics import homogeneity_score, adjusted_rand_score,
completeness_score

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.09868725008128477
Adjusted Rand score: 0.038254515908926826

Completeness score: 0.101897123096584
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from skimage.color import rgb2gray

from skimage.feature import hog

# converts the list of resized images to an array of grayscale images

X_gray = np.array([rgb2gray(img) for img in resized_images])
# computes the HOG features for each grayscale image in the array

X_hog = np.array([hog(img) for img in X_gray])

X_hog.shape

(1085, 54756)

Aianicag Utl (pguaing Ban 108 Bosie Raws dirie s e oY1 i 55900 US 0 Wl culiliadl IS8 oS,
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tsne = TSNEVisualizer(colors = color_palette)

tsne.fit(X_hog, v)
tsne.show();
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plt.figure()
linkage_2 = hierarchy.linkage(X_hog,method = 'ward')
hierarchy.dendrogram(linkage_2)

plt.show()
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AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 5)
AC.fit(X_hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.4046340612330986
Adjusted Rand score: 0.29990205334627734

Completeness score: 0.6306921317302154
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AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 10)
AC.fit(X_hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.5720932612704411
Adjusted Rand score: 0.41243540297103065
Completeness score: 0.617016965322667
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Conv1-1
Conv1-1
Pooling
Conv2-1
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Conv3-1
Conv 3-2
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Pooling
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Pooling
Conv5-1
Conv 5-2
Conv5-3
Pooling
Dense
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Dense
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from keras.applications.vggl6e import VGG16 # used to access the pre-trained VGG16 model
from keras.models import Model

3l e 5y Aadall (a2

model = VGG16() #loads the pretrained VGG16 model ( C R O o B )
# removes the output layer

model = Model(inputs = model.inputs, outputs = model.layers[-2].output)

Il 0d e s Jie VGGG 3903 Lgallay ) L Zcalua) 309 Aot Ll L1 (e 5l gl ke
150 oo st RGB
from keras.applications.vggl6 import preprocess_input (1085, 224, 224, 3)

X_prep = preprocess_input(X)
X_prep.shape

355224 % 224 Laslal Lgie 3530 IS 13550 (gl Suaing Gl gl g LaS iy il IS o) sy
302 8,096 (ye ()5S0 damiin N1 3550 JS usomd platall 35000 alaieiaal (Sas U3 aayg [RGB ol sl ol 3

X_VGG16 = model.predict(X_prep, use_multiprocessing = True)
X_VGG16.shape

34/34 [==============================] - 57s 2s/step

(1085, 4096)
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:(vectorized data) agsit! Sl

tsne = TSNEVisualizer(colors = color_palette)
tsne.fit(X_VGG16, labels)
tsne.show();
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linkage_3 = hierarchy.linkage(X_VGG16, method = 'ward')
plt.figure()

hierarchy.dendrogram(linkage_3)

plt.show()
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AC = AgglomerativeClustering(linkage = 'ward',n_clusters = 4)
AC.fit(X_VGG16)
pred=AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.504687456015823
Adjusted Rand score: 0.37265351562538257

Completeness score: 0.9193141240200559

AC = AgglomerativeClustering(linkage='ward',n_clusters = 10)
AC.fit(X_VGG16)
pred=AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.8403973102506642
Adjusted Rand score: 0.766734821176714

Completeness score: 0.8509145102288217
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from import AgglomerativeClustering # used for agglomerative clustering
AC = AgglomerativeClustering(linkage='ward', )
X_norm = # normalizes the data

AC.fit(X_norm) #applies the tool to the data

pred = AC. # gets the cluster labels
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import scipy.cluster.hierarchy as hierarchy # visualizes and supports hierarchical clustering tasks

import as plt

X_norm = # normalizes the data

plt.figure() # creates a new empty figure

linkage_flat=hierarchy.linkage(

hierarchy. (linkage_flat)

plt.show() #shows the figure
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Generating Images with Generative Adversarial Networks (GANs)
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%%capture

!'pip install diffusers
!'pip install transformers
'pip install accelerate

import matplotlib.pyplot as plt
from PIL import Image # used to represent images

Text-to-Image Generation Oa.t (9 3 y9ual! ..\.J,S
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# a tool used to generate images using stable diffusion

from diffusers import DiffusionPipeline

generator = DiffusionPipeline.from_pretrained("CompVis/stable-diffusion-vi1-4")
# specifies what GPUs should be used for this generation

generator.to("cuda")

image = generator("A photo of a white lion in the jungle.").images[0]
plt.imshow(image);

A photo of a white lion in the jungle 4 gill 73902 Comin
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image = generator("A painting of a white lion in the style of Picasso.").
images[0]
plt.imshow(image);
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Image-to-Image Generation

with Text Guidance
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# pipeline used for image to image generation with stable diffusion

from diffusers import StableDiffusionImg2ImgPipeline

# loads a pretrained generator model

generator = StableDiffusionImg2ImgPipeline.from_pretrained("runwayml/stable-
diffusion-v1-5")

# moves the generator model to the GPU (CUDA) for faster processing

generator.to("cuda")

init_image = Image.open("landscape.jpg")
init_image.thumbnail( (768, 768)) # rresizes the image to prepare it as input of the model
plt.imshow(init_image);
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# a detailed prompt describing the desired visual
# for the produced image

prompt = "A realistic mountain
landscape with a large castle."
image = generator(prompt=prompt,
image = init_image, strength=0.75).
images[0]

plt.imshow(image);

0.75 = 393 sl Lauide laie 35900 :4.32 JSa
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# generate a new image based on the prompt and the
# initial image using the generator model

image = generator(prompt=prompt,

image = init_image, strength=1).images[0]
plt.imshow(image);

1 = 5y 3,380 5550 cLasl 14,33 IS
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init_image = Image.open("cat_1.jpg")

init_image.thumbnail((768, 768))
plt.imshow(init_image);
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prompt = "A photo of a tiger"
image = generator(prompt=prompt, image=init_image, strength=0.5).images[0]
plt.imshow(image);
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image = generator(prompt=prompt,
image = init_image, strength=0.75).
images[0]

plt.imshow(image);
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# tool used for text-guided image in-painting

from diffusers import StableDiffusionInpaintPipeline
init_image = Image.open("cat_on_bench.png").resize((512, 512))
plt.imshow(init_image);

mask_image = Image.open("cat_mask.jpg").resize((512, 512))
plt.imshow(mask_image);

alaall 3 50 ¢ Lid 14.38 JSi da¥l ahall 5550 :4.37 U<

cdodil A e 323y cdapally Ala¥ 5 pgunll ;Lu\uww;}uytwmmmw}@ﬁ(lvlask) gLt
35l Jramd @i clld ay ol sgan g Uil (ya 6,59 £ 321 ) cnm 2 (¥ ujuufmmmtw@li
8 gall 2 Sl Adastl OlSe s Linall 1315 3550 pings (ST (dgangidl) prompt cLis! @y s iyt
4.38 Ul 2 glay LeS il

generator = StableDiffusionInpaintPipeline.from_pretrained("runwayml/stable-
diffusion-inpainting")
generator = generator.to("cuda")

prompt = "A photo of an astronaut"

image = generator(prompt=prompt, image=init_image, mask_image=mask_image).
images[0]

plt.imshow(image);
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init_image = Image.open("desk.jpg").resize((512, 512))

plt.imshow(init_image);

mask_image = Image.open("desk_mask.jpg").resize((512, 512))

plt.imshow(mask_image);
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prompt = "A photo of a book"

image = generator(prompt=prompt, image=init_image, mask_image=mask_image).

images[0]
plt.imshow(image);
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def create_problem_instance(skill_number, # total number of skills

worker_number, # total number of workers
required_skill_number, # number of skills the team has to cover
max_skills_per_worker # max number of skills per worker
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# creates the global list of skills s1, s2, s3, ...
skills = ['s' + str(i) for i in range(1, skill_number+1)]

worker_skills = dict() #dictionary that maps each worker to their set of skills
for i in range(1, worker_number+1): #for each worker

# makes a worker id (w1, w2, w3, ...)
worker_id = 'w' + str(i)

# randomly decides the number of skills that this worker should have (at least 1)
my_skill_number = random.randint(1, max_skills_per_worker)

# samples the decided number of skills
my_skills = set(random.sample(skills, my_skill_number))

# remembers the skill sampled for this worker
worker_skills[worker_id] = my_skills

# randomly samples the set of required skills that the team has to cover
required_skills = set(random.sample(skills, required_skill_number))

# returns the worker and required skills
return {'worker_skills':worker_skills, 'required_skills':required_skills}
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# the following code represents the above test
sample_problem = create_problem_instance(10, 6, 5, 5)

# prints the skills for each worker
for worker_id in sample_problem[ 'worker_skills']:
print(worker_id, sample_problem[ 'worker_skills'][worker_id])

print()

# prints the required skills that the team has to cover
print('Required Skills:', sample_problem['required_skills'])

wl {'s10'}

w2 {'s2', 's8', 's5', 's6'}

w3 {'s7', 's2', 's4', 's5', 's1'}
ws {'s9', 's4'}

ws {'s7', 's4'}

we {'s7', 's10'}

Required Skills: {'s6', 's8', 's7', 's5', 's9'}
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Decision Making with a Brute-Force Algorithm
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# used to generate all possible combinations in a given list of elements
from itertools import combinations

L=['wl", "w2', 'w3', 'wa']

print('pairs', list(combinations(L, 2))) #all possible pairs
print('triplets', list(combinations(L, 3))) #all possible triplets

pairs [('w1', 'w2'), ('wl', 'w3'), ('wl', 'wa'), ('w2', 'w3'), ('w2',
‘wa'), ("w3', 'w4')]
triplets [('wl', 'w2', 'w3'), ('wl', 'w2', 'wza'), ('wl', 'w3', 'w&'),
('w2', 'w3', 'wa')]
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def brute_force_solver(problem):

worker_skills = problem[ 'worker_skills']
required_skills = problem['required_skills']

worker_ids = list(worker_skills.keys()) #gets the ids of all the workers
worker_num = len(worker_ids) # total number of workers
all_possible_teams = [] #remembers all possible teams

best_team = None #remembers the best (smallest) team found so far

#for each possible team size (singles, pairs, triplets, ...)
for team_size in range(1, worker_num+1):

# creates all possible teams of this size
teams = combinations(worker_ids, team_size)
for team in teams: #for each team of this size

skill_union = set() #union of skills covered by all members of this team
for worker_id in team: # for each team member
# adds their skills to the union
skill_union.update(worker_skills[worker_id])

# if all the required skills are included in the union
if required_skills.issubset(skill_union):

# if this is the first team that covers all required skills

# or this team is smaller than the best one or

if best_team == None or len(team) < len(best_team):
best_team = team # makes this team the best one

return best_team #returns the best solution
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# uses the brute-force solver to find the best team for the sample problem
best_team = brute_force_solver(sample_problem)
print(best_team)

('w2', 'w3', 'wa4')
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problems_with_5_workers = [] #5 workers

problems_with_10_workers = [] # 10 workers
problems_with_15_workers = [] # 15 workers
problems_with_20_workers = [] # 20 workers

for i in range(100): #repeat 100 times

problems_with_5_workers.append(create_problem_instance(10, 5, 8, 5))

problems_with_10_workers.append(create_problem_instance(10, 10, 8, 5))
problems_with_15_workers.append(create_problem_instance(10, 15, 8, 5))
problems_with_20_workers.append(create_problem_instance(10, 20, 8, 5))
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import time
def gets_solutions(problems,solver):

total_seconds = 0 # total seconds required to solve all problems with this solver
total_solved = 0 #total number of problems for which the solver found a solution
solutions = [] #solutions returned by the solver

for problem in problems:

start_time = time.time() #starts the timer

best_team = solver(problem) #computes the solution

end_time = time.time() #stops the timer
solutions.append(best_team) #remembero the solution
total_seconds += end_time-start_time #computes total elapsed time

if best_team != None: #ifthe bestteam is a valid team
total_solved += 1
print("Solved {} problems in {} seconds".format(total_solved,
total_seconds))

return solutions
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brute_solutions_5 = gets_solutions(problems_with_5_workers,
solver brute_force_solver)

brute_solutions_10 = gets_solutions(problems_with_10_workers,
solver = brute_force_solver)

brute_solutions_15 = gets_solutions(problems_with_15_workers,
solver = brute_force_solver)

brute_solutions_20 = gets_solutions(problems_with_20_workers,
solver = brute_force_solver)

Solved 23 problems in 0.0019948482513427734 seconds
Solved 80 problems in 0.06984829902648926 seconds
Solved 94 problems in 2.754629373550415 seconds
Solved 99 problems in 109.11902689933777 seconds
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Decision Making with a Greedy Heuristic Algorithm
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def greedy_solver(problem):

worker_skills = problem[ 'worker_skills']
required_skills = problem['required_skills']

# skills that still have not been covered

uncovered_required_skills = required_skills.copy()

best_team = []

# remembers only the skills of each worker that are required but haven't been covered yet
uncovered_worker_skills = {}

for worker_id in worker_skills:

# remembers only the required uncovered skills that this worker has

uncovered_worker_skills[worker_id] = worker_skills[worker_id].
intersection(uncovered_required_skills) )
intersections( ) .l ygbx
# while there are still required skills to cover le dads gyimd Busas dcgama
while len(uncovered_required_skills) > 0: e (e S idiall il lgall

2 339254l Jall ol lge
ol ylgadls cworker_skills

best_worker_id = None # the best worker to add next

# number of uncovered skills required for the best worker to cover R
best_new_coverage = 0 2 g @ Sl dygllasll
.uncovered_worker_skills )

for worker_id in uncovered_worker_skills:

# uncovered required skills that this worker can cover
my_uncovered_skills = uncovered_worker_skills[worker_id]

# if this worker can cover more uncovered required skills than the best worker so far

if len(my_uncovered_skills) > best_new_coverage:
best_worker_id=worker_id # makes this worker the best worker
best_new_coverage=len(my_uncovered_skills)

if best_worker_id !'= None: #ifa best worker was found
best_team.append(best_worker_id) #adds the worker to the solution

#removes the best worker's skills from the skills to be covered
uncovered_required_skills = uncovered_required_skills -
uncovered_worker_skills[best_worker_id]
for worker_id in uncovered_worker_skills:
# remembers only the required uncovered skills that this worker has
uncovered_worker_skills[worker_id] =

uncovered_worker_skills[worker_id].intersection(uncovered_required_skills)

else: #no best worker has been found and some required skills are still uncovered
return None # no solution could be found

return best_team
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greedy_solutions_5 = gets_solutions(problems_with_5_workers,
solver = greedy_solver)

greedy_solutions_10 = gets_solutions(problems_with_10_workers,
solver = greedy_solver)

greedy_solutions_15 = gets_solutions(problems_with_15_workers,
solver = greedy_solver)

greedy_solutions_20 = gets_solutions(problems_with_20_workers,
solver = greedy_solver)

Solved 23 problems in 0.0009970664978027344 seconds
Solved 80 problems in 0.000997304916381836 seconds
Solved 94 problems in 0.001995086669921875 seconds
Solved 99 problems in 0.0019943714141845703 seconds

m‘w‘ﬂw‘M‘MJJb}dmu&w MJ)‘}’J‘W“J—“‘”‘S—JJ-“J‘ uy‘ﬁ
‘:,.!Lq.ﬂ JL.UIBTL»S‘\.\;.‘:,_‘_.SJ_. |u>{5...ull.'

# creates 100 problem instances of a team formation problem with 1000 workers
problems_with_1000_workers = []

for i in range(100): #repeats 100 times
problems_with_1000_workers.append(create_problem_instance(10, 1000, 8, 5))

# solves the 100-worker problems using the greedy solver

greedy_solutions_1000 = gets_solutions(problems_with_1000_workers,
solver = greedy_solver)

Solved 100 problems in 0.09574556350708008 seconds
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def compare(brute_solutions,greedy_solutions):
total_solved = 0
same_size = 0

for i in range(len(brute_solutions)):

if brute_solutions[i] != None: #ifa solution was found
total_solved += 1

# if the solvers reported a solution of the same size
if len(brute_solutions[i]) == len(greedy_solutions[i]):
same_size += 1

return round(same_size / total_solved, 2)

3 pdually  Jlioe Luadd! e cnuddall eyl Alels 45,151 compare () Al alasiw! oY 054;
Shale cpapdially  Male yiie TaesllyJlie

print(compare(brute_solutions_5,greedy_solutions_5))

print(compare(brute_solutions_10,greedy_solutions_10))
print(compare(brute_solutions_15,greedy_solutions_15))
print(compare(brute_solutions_20,greedy_solutions_20))
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def greedy_solver(problem):
worker_skills=problem[ 'worker_skills'] # worker skills for this problem
required_skills=problem[ 'required_skills'] # required skills for this problem

uncovered_required_skills = required_skills. () #skills not covered
best_team=[] #bestsolution
uncovered_worker_skills={}

for worker_id in worker_skills:

uncovered_worker_skills[worker_id]=worker_skills[worker_id].

(uncovered_required_skills)
while len(uncovered_required_skills) > 0:

best_worker_id= # the best worker to add next

best_new_c overaégzé " # number of uncovered required skills covered by the best worker

for worker_id in uncovered_worker_skills: # for each worker
my_uncovered_skills=uncovered_worker_skills[worker_id]
# if this worker can cover more uncovered required skills than the best worker so far
if Tlen(my_uncovered_skills)>best_new_coverage:

best_worker_id=worker_id # makes this worker the best worker

best_new_coverage= (my_uncovered_skills)
if best_worker_id!= : #if a best worker was found
best_team. (best_worker_id) #adds the worker to the solution

#removes the best worker's skills from the skills to be covered

uncovered_required_skills=uncovered_required_skills - uncovered_
worker_skills[best_worker_id]

# for each worker

for worker_id in uncovered worker_skills:

# remembers only the required uncovered skills that this worker has

uncovered_worker_skills[worker_id]=uncovered_worker_

skills[worker_id]. (uncovered_required_skills)

else: #no best worker has been found and some required skills are still uncovered

return # no solution could be found

return best_team
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Using Python and Optimization to Solve the SMWT Problem
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import random
# creates an instance of the Single-Machine Weighted Tardiness problem.

def create_problem_instance(job_num, #number of jobs to create
duration_range, #job duration range
deadline_range, # deadline range
weight_range) :# importance weight range

# generates a random duration, deadline, and weight for each job

durations = [random.randint(+duration_range) for i in range(job_num)]
deadlines = [random.randint(+xdeadline_range) for i in range(job_num)]
weights = [random.randint(+weight_range) for i in range(job_num)]

# returns the problem instance as a dictionary

return {'durations':durations,
'deadlines':deadlines,
'weights':weights}
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for i in range(5):# prints 5 random integers between 1 and 10
print(random.randint(=[1, 10]1))
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create_problem_instance(10, , 201, [5, 501, [1, 3]1)
{'durations': [18, 17, 17, 6, 9, 6, 20, 12, 9, 19], -
"deadlines': [39, 31, 6, 42, 48, 10, 39, 16, 34, 351, :
'weights': [2, 2, 3, 2, 1, 3, 2, 1, 3, 11} 008l daal sue )
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# computes the total weighted tardiness of a given schedule for a given problem instance
def compute_schedule_tardiness(problem, schedule):

# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(schedule) # getsthe number of jobs

finish_times = [0] * job_num #stores the finish time for each job
schedule_tardiness = 0 #initializes the weighted tardiness of the overall schedule to O
for pos in range(job_num): # goes over the jobs in scheduled order



job_id=schedule[pos] # schedule[pos] is the id in the 'pos’ position of the schedule
if pos == 0: #ifthisis the job that was scheduled first (position 0)

# the finish time of the job that starts first is equal to its run time
finish_times[pos] = durations[job_id]

else: #forall jobs except the one that was scheduled first

# the finish time is equal to the finish time of the previous time plus the job's run time
finish_times[pos] = finish_times[pos-1] + durations[job_id]

# computes the weighted tardiness of this job and adds it to the schedule's overall tardiness
schedule_tardiness += weights[job_id] * max(finish_times[pos] -
deadlines[job_id], 0)

return schedule_tardiness,finish_times
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import itertools
def brute_force_solver(problem):

# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(durations) #number of jobs

# Generates all possible schedules
all_schedules = itertools.permutations(range(job_num))

# Initializes the best solution and its total weighted tardiness
best_schedule = None #initialized to None

# 'inf' stands for 'infnity". Python will evaluate all numbers as smaller than this value.
best_tardiness = float('inf"')

# stores the finish time of each job in the best schedule
best_finish_times = None #initalized to None

for schedule in all_schedules: # for every possible schedule

#evalutes the schedule
tardiness,finish_times=compute_schedule_tardiness(problem, schedule)

if tardiness < best_tardiness: # this schedule is better than the best so far
best_tardiness = tardiness
best_schedule = schedule
best_finish_times = finish_times

# returns the results as a dictionary

return {'schedule':best_schedule,
'tardiness':best_tardiness,
'finish_times':best_finish_times}
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sample_problem = create_problem_instance(5, [5, 201, [5, 301, [1, 31)
brute_force_solver(sample_problem)

{'schedule': (0, 2, 1, 3, 4), (.a:g:n;_uguas )( s denl o )
'tardiness': 164, =
'finish_times': [5, 11, 21, 36, 511}
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def greedy_solver(problem, heuristic):

# gets the information for this problem
durations, weights, deadlines = problem['durations'], problem['weights'],
problem[ 'deadlines"']

job_num = len(durations)# gets the number of jobs

# Creates a list of job indices sorted by their deadline in non-decreasing order
schedule = sorted(range(job_num), key = lambda j: heuristic(j, problem))

# evaluates the schedule
tardiness, finish_times = compute_schedule_ltardiness(problem, schedule)

# returns the results as a dictionary

return {'schedule':schedule,
'tardiness':tardiness,
'finish_times':finish_times}
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# returns the deadline of a given job
def deadline_heuristic(job,problem):

# accesses the deadlines for this problem and returns the deadline for the job
return problem[ 'deadlines'][job]
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greedy_sol = greedy_solver(sample_problem, deadline_heuristic)

greedy_sol

{'schedule': [3, 1, 4, 0, 21,

'tardiness': 124,

'finish_times': [15, 26, 32, 48, 571}
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# returns the weighted deadline of a given job
def weighted_deadline_heuristic(job,problem):

# accesses the deadlines for this problem and returns the deadline for the job
return problem[ 'deadlines'][job] / problem['weights'][job]
weighted_greedy_sol=greedy_solver(sample_problem, weighted_deadline_heuristic)

weighted_greedy_sol

{'schedule': [3, 2, 1, 4, 0],

'tardiness': 89,

'finish_times': [15, 24, 35, 41, 57]}
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def local_search_solver(problem, greedy_heuristic, swap_selector, max_
iterations):

# gets the information for this problem

durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(durations) # getsthe number of jobs

# uses the greedy solver to get a first schedule

# this schedule will be then iteratively refined through local search

greedy_sol = greedy_solver(problem, greedy_heuristic) #the bestschedule so far

best_schedule, best_tardiness, best_finish_times = greedy_sol['schedule'],
greedy_sol['tardiness'], greedy_sol['finish_times"']

# local search
for i in range(max_iterations): #foreach of the given iterations

# chooses which two positions to swap
posl, pos2 = swap_selector(best_schedule)

new_schedule = best_schedule.copy() #create a copy of the schedule

# swaps jobs at positions pos1 and pos2

::: : o, . :ﬁ%schedule[posl] , new_schedule[pos2] = best_schedule[pos2],
e, °,',% o0 best_schedule[posi]
Rl il ajljg
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# computes the new tardiness after the swap
new_tardiness, new_finish_times = compute_schedule_tardiness(problem,
new_schedule)

# if the new schedule is better than the best one so far
if new_tardiness < best_tardiness:

LelS LRI 128 2 Jomd | (3l i
# the new_schedule becomes the best one O Lgale Jgantl @i Jol>
best_sche@ule = new_schedgle Jals ij “uﬁ‘édrb
best_tardiness = new_tardiness
best_finish_times = new_finish_times

2 Loguadipo Alaleag Jndl
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# returns the best solution

return {'schedule':best_schedule,
"tardiness':best_tardiness,
"finish_times':best_finish_times}
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def random_swap(schedule):
job_num = len(schedule) # getsthe number of scheduled jobs
posl = random.randint(0®, job_num - 1) #samples a random position
pos2 = posl
while pos2 == posl: #keeps sampling until it finds a position other than pos1
pos2 = random.randint(0, job_num - 1) #samples another random position
return posl, pos2 #returns the two positions that should be swapped
sl 2 o yglntie 0l g ool il Lyl w1y Battins omsl el A0 A1) s
2<5151<>3 5 3<>0 daid ()5S Ao o1 ¥l
def adjacent_swap(schedule):

job_num = len(schedule) # getsthe number of scheduled jobs

pos1l random.randint(0, job_num - 2) #samples a random position (excluding the last
one)

pos2

posl + 1 #getsthe position after the sampled one

return posl,pos2 #returns the two positions that should be swapped
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print(local_search_solver(sample_problem, weighted_deadline_heuristic, random_
swap, 1000))

print(local_search_solver(sample_problem, weighted_deadline_heuristic,
adjacent_swap, 1000))

{'schedule': [3, 4, 2, 1, 0], 'tardiness': 83, 'finish_times': [15, 21, 30,
41, 571}
{'schedule': [3, 4, 2, 1, 0], 'tardiness': 83, 'finish_times': [15, 21, 30,
41, 571}
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#Dataset 1
problems_7 = []
for i in range(100):
problems_7.append(create_problem_instance(7, [5, 201, [5, 501, [1, 31))

#Dataset 2
problems_30 = []
for i in range(100):
problems_30.append(create_problem_instance(30, [5,20], [5, 501, [1, 31))
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from collections import defaultdict
import numpy

def compare(problems,use_brute):
# comparison on Dataset 1
# maps each solver to a list of all tardiness values it achieves for the problems in the given dataset
results = defaultdict(list)
for problem in problems: # for each problem in this datset

#uses each of the solvers on this problem
if use_brute == True:
results['brute-force'].append(brute_force_solver(problem)

["tardiness'])

results['greedy-deadline'].append(greedy_solver(problem,deadline_
heuristic)['tardiness'])

results['greedy-weighted_deadline'].append(greedy_
solver(problem,weighted_deadline_heuristic)['tardiness'])

results['ls-random-wdeadline'].append(local_search_solver(problem,
weighted_deadline_heuristic, random_swap, 1000)[ 'tardiness'])

results['ls-random-deadline'].append(local_search_solver(problem,
deadline_heuristic, random_swap, 1000)['tardiness'])

results['ls-adjacent-wdeadline'].append(local_search_solver(problem,
weighted_deadline_heuristic, adjacent_swap, 1000)['tardiness'])

results['ls-adjacent-deadline'].append(local_search_solver(problem,
deadline_heuristic, adjacent_swap, 1000)['tardiness'])

for solver in results: #foreach solver
# prints the solver's mean tardiness values
print(solver,numpy.mean(results[solver]))

:Leguils problems_30  problems_7 Bl e sees s cOMpare () als alaseil oYl us_.,f

compare(problems_7,True) brute-force 211.49
greedy-deadline 308.14
greedy-weighted_deadline 255.61
ls-random-wdeadline 212.35
1s-random-deadline 212.43
1s-adjacent-wdeadline 220.62
1s-adjacent-deadline 224.36

compare(problems_30,False) greedy-deadline 10126.18
greedy-weighted_deadline 8527.61
ls-random-wdeadline 6647.73
1s-random-deadline 6650.99
1s-adjacent-wdeadline 6666.47
1s-adjacent-deadline 6664.67
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def brute_force_solver(problem):

# gets the information for this problem

durations, weights, deadlines=problem['durations'], problem['weights'],

problem['deadlines"']

0
oo, °
e ©® o
.

Pl il ajljg
Ministry of Education

2023 - 1445

job_num = len( ) #number of jobs

# generates all possible schedules

all_schedules = itertools. (range(job_num))

# initializes the best solution and its total weighted tardiness

best_schedule = # initialized to None

# 'inf' stands for 'infnity'. Python will evaluate all numbers as smaller than this value.

best_tardiness = float(' ")

# stores the finish time of each job in the best schedule

best_finish_times- # initalized to None

for schedule in all_schedules: # forevery possible schedule
#evalute the schedule
tardiness,finish_times=compute_schedule_tardiness(problem, schedule)

if tardiness<best_tardiness: # thisschedule is better than the best so far

best_tardiness=

best_schedule=

# return the results as a dictionary

retur.n. {'schedule':best_schedule,
o ®
*7.*®% tardiness':best_tardiness,
Leoe

'finish_times':best_finish_times}
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def local_search_solver(problem, greedy_heuristic, swap_selector, max_
iterations):

# gets the information for this problem

durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines"']

job_num = tenC )# gets the number of jobs

# uses the greedy solver to get a first schedule.
# this schedule will be then iteratively refined through local search

greedy sol = (problem, greedy_heuristic) #remembers the best
schedule so far
best_schedule, best_tardiness, best_finish_times=greedy_

sol['schedule'],greedy_sol['tardiness'],greedy_sol['finish_times']

# local search

for i in range( ): # for each of the given iterations

# chooses which two positions to swap

pos1,pos2-= (best_schedule)

new_schedule = best_schedule. ()# creates a copy of the
schedule

# swaps jobs at positions pos1 and pos2

new_schedule[pos1], new_schedule[pos2] = best_schedule[pos2], best_
schedule[pos1]

# computes the new tardiness after the swap

new_tardiness, new_finish_times = compute_schedule_tardiness(problem,
new_schedule)

# if the new schedule is better than the best one so far

if new_tardiness < best_tardiness:

# the new_schedule becomes the best one

best_schedule =

best_tardiness =

best_finish_times=

# returns the best solution

return {'schedule':best_schedule,
'tardiness':best_tardiness,
"finish_times':best_finish_times}
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'pip install mip #install the mip library

# imports useful tools from the mip library

from mip import Model, xsum, maximize, BINARY

values = [20, 10, 23, 15, 7, 7] #values of available items
weights = [5, 10, 19, 8, 11, 2] # weights of available items



C

40 # knapsack capacity

I

range(len(values)) #creates an index for each item: 0,1,2,3,...

solver = Model("knapsack") #creates a knapsack solver
solver.verbose = 0 #setting this to 1 will print more information on the progress of the solver

= [1 #represents the binary decision variables for each item.
# for each items creates and appends a binary decision variable
for i in I:

x.append(solver.add_var(var_type = BINARY))

# creates the objective function
solver.objective = maximize(xsum(values[i] * x[i] for i in I))

# adds the capacity constraint to the solver
solver += xsum(weights[i] * x[i] for i in I) <= C

# solves the problem
solver.optimize()

<OptimizationStatus.OPTIMAL: 0>
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total_weight = 0 #stores the total weight of the items in the solution
total_value = 0 #stores the total value of the items in the solution



for i in I: #foreach item

if x[1i].x

== 1: #if the item was selected
print('item', i, 'was selected')

# updates the total weight and value of the solution
total_weight += weights[i]

total_value += values[i]

print('total weight',
print('total value', total_value)

item
item
item
item

g w N o

was
was
was
was

selected
selected
selected
selected

total weight 34
total value 65
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import random
import numpy
from itertools import combinations

def create_problem_instance(num_locations, distance_range):

# initializes the distance matrix to be full of zeros

dist_matrix = numpy.zeros((num_locations, num_locations))

# creates location ids: 0,1,2,3,4, ...

location_ids = set(range(num_locations))

# creates all possible location pairs

location_pairs = combinations(location_ids, 2)

for i,j in location_pairs: # foreach pair
distance = random.randint(+*distance_range) #samples a distance within range
# the distance from i to j is the same as the distance from j to i
dist_matrix[j,i] = distance
dist_matrix[i,j] = distance

# returns the distance matrix, location ids and the startstop vertix
return dist_matrix, location_ids, random.randint(®, num_locations - 1)
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dist_matrix, location_ids, startstop = create_problem_instance(8, (5, 20))
print(dist_matrix)
print(startstop)

[[(©..19. 17. 15. 18. 17. 7. 15.]
[19. ©..15. 18. 11. 6. 20. 5.]
[17. 15. ©..17. 15. 7. 5. 11.]
[15. 18. 17. 0..19. 7. 7. 16.]
[18. 11. 15. 19. ©0..17. 20. 17.]
[17. 6. 7. 7. 17. 0..15. 14.]
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Creating a Brute-Force Solver for the Traveling Salesman Problem
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from itertools import permutations

def brute_force_solver(dist_matrix, location_ids, startstop):
# excludes the starstop location
location_ids = location_ids - {startstop}
# generate all possible routes (location permutations)
all_routes = permutations(location_ids)
best_distance = float('inf') #initializes to the highest possible number
best_route = None # best route so far, initialized to None

for route in all_routes: #foreach route
distance = 0 #total distance in this route
curr_loc = startstop #currentlocation

for next_loc in route:
distance += dist_matrix[curr_loc,next_loc] # adds the distance of this step
curr_loc = next_loc #goes to the next location

distance += dist_matrix[curr_loc,startstop] # goes to the starstop location

if distance < best_distance: #ifthis route has lower distance than the best route
best_distance = distance
best_route = route

# adds the startstop location at the beginning and end of the best route and returns
return [startstop] + list(best_route) + [startstop], best_distance

startstop xage oof das S 3,0 8 Lasy permutations () 51s1 b yall 5gall Jo dued,lss PES I
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for route in permutations({1,2,3}):

print(route)
(1, 2, 3)
(1, 3, 2)
(2, 1, 3)
(2, 3, 1)
(3, 1, 2)
(3, 2, 1)
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brute_force_solver(dist_matrix, location_ids, startstop)
(rs, 5, 2, 7, 1, 4, 0, 6, 31, 73.0)
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Using MIP to Solve the Traveling Salesman Problem
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arr = numpy.full((4,4), 0) #creates a 4x4 array full of zeros [[6 06 0 0]

[0 0600]
print(arr) [0 00 0]

[0 060 0]]
arr[o, 0] = 1
arr[3, 3] = 1 [[1000]

[0 0600]
print() [0 0600]
print(arr) 600 1]]
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ids = {0, 1, 2}
for i, j in list(product(ids, ids)):
print(i, j)
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from itertools import product #used to generate all possible transition
from mip import BINARY
from mip import Model,INTEGER

solver = Model() #creates a solver
solver.verbose = 0 #setting this to 1 will print info on the progress of the solver

# 'product’ creates every transition from every location to every other location
transitions = list(product(location_ids, location_ids))

N = len(location_ids) # number of locations

# creates a square numpy array full of 'None' values
x = numpy.full((N, N), None)

# adds binary variables indicating if transition (i->j) is included in the route
for i, j in transitions:
x[1, j] = solver.add_var(var_type = BINARY)
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X ASLE

Mmjmjm_n,m umguwujutumﬂ\w\ﬁ\mb& x)\)_ajlu\wuhat s
i == dist_matrix[i,j] Lgalws ufafjj i S Jlanl IS e 1Sl Al agss cos ‘d},_,.t\ skl
I3 oMy g ol pna dist_matrix[i,j] o x[i,j]1=1 _b,.._u Jtl 2 glany zlosl & 1ol X[0,j] LA)‘Jﬁ
Lg.\.al:-u @ i 2 dist_matrix[i,j] L_t).‘a.uu

# the minimize tool is used then the objective function has to be minimized
from mip import xsum, minimize

# objective function: minimizes the distance
solver.objective = minimize(xsum(dist_matrix[i,jl+«x[i]1[j] for i,j in
transitions))
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# for each location id

for i in location_ids:
solver += xsum(x[1 j1 for j in location_ids - {i}) == 1 #exactly 1 arrival
solver += xsum(x[j,i] for j in location_ids - {i}) == 1 #exactly 1 departure
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# adds a decision variable for each location
y = [solver.add_var(var_type = INTEGER) for i in location_ids]
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# adds a connectivity constraint for every transition that does not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids - {startstop}):
# ignores transitions from a location to itself
if i != j:
solver += y[j] - y[i] >= (N+1) = x[i, j] - N

ey eV 2 53,00 A lall ols 2 gLasdl i g1l g € 1 glamy x,=1 els 13
Al sl #\@u&\ywupu\mymy)lwu_m |,11u\_1_bu_‘_u3 y[J]> yli]+1
150 daza \:v-__n:ua;aﬁ}dbd)Ua.'Y\ t29a Jadn ¥ M) Gasladl (39Sag 3 5aLaklg Jgungll 293
dazd By 353lhey dnls Jpams se JSI 019 o o)lasial sl gashly gl Ty
I L I Y] o ST 00555 o g YT 0¥ 1LY 51 S 301 (3051 JSO el y e
UL S e Calina olail (ye Lguds a0londl 28Lin! Caiond 1 Lol 1a (63509 3 ylall 2 Lganl ol o3
) icjsjci
Jsp-*ﬂu-w-w:‘ﬁ)-s‘u“—'m\-ﬂ‘ywu}&'u‘AA)\J‘MLe-wu-')H‘ Al Jrea g5l OIS 131 STy
,.@,h@d,l,gbwundummw@w@w%w_\mww,@ Gaplall 23301 g3l
HHEBBHHE hglly U e Joli Y

il ajljg

Minjstry of Education

2023 - 1445



from
from
from
from

def

Do) (3L A n B (i ylo (oS Jrmdl 20 35151 1€ 2 € 1 5uplall 2, L s e
cumiian 1ag Y 2V, + 1 0sSa 0la Y, 2y, + 1 0ea ol Jlai¥l ad by o ¢ oladl IS 2 2 inl
.J:J‘)bglm‘ﬁ;ygdulﬂ

V2V, losSiolsy, 2y, + 108510624 164 € 3460 mmanll Jol ol Jolall 2
Ga ¥y Y,=3 5Y,=2 5Y,=1 5, =0 130 LaS y 0 daiay o3 3o (0 Sy oY, 2 Y, + 1 093 0l
(aBgidly 3MINY) startstop adge Jeis Sl eYLEBY Lle Jlat¥l 3.3

Sy L1 AL ALl | Lommadl 31 ae Yl Aa ys o Badlsi sLaSY e s LaYI JS AL A1l e

itertools import product

mip import BINARY,INTEGER
mip import Model

mip import xsum, minimize

MIP_solver(dist_matrix, location_ids, startstop):
solver = Model()# creates a solver
solver.verbose = 0 #setting this to 1 will print info on the progress of the solver
# creates every transition from every location to every other location
transitions = list(product(location_ids,location_ids))
N = len(location_ids) # number of locations
# create an empty square matrix full of 'None' values
x = numpy.full((N, N), None)
# adds binary decision variables indicating if transition (i->j) is included in the route
for i, j in transitions:
x[1, jl=solver.add_var(var_type = BINARY)
# objective function: minimizes the distance
solver.objective = minimize(xsum(dist_matrix[i,jl+«x[i][j] for i,j in transitions))
# Arrive/Depart Constraints
for i in location_ids:
solver += xsum(x[i,j] for j in location_ids - {i}) == 1 #exactly 1 arrival
solver += xsum(x[j,i] for j in location_ids - {i}) == 1 #exactly 1 departure
# adds a binary decision variable for each location
y = [solver.add_var(var_type=INTEGER) for i in location_ids]
# adds connectivity constraints for transitions that do not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids - {startstop}):
if i != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >=(N+1)#x[i,j] - N
solver.optimize() #solves the problem
# prints the solution
if solver.num_solutions: #ifa solution was found
best_route = [startstop] #stores the best route
curr_loc = startstop #the currently visited location
while True:
for next_loc in location_ids:# for every possible next location
if x[curr_loc,next_loc].x == 1: #ifxvalue for the curr_loc->next_loc transition is 1
best_route.append(next_loc) # appends the next location to the route
curr_loc=next_loc # visits the next location
break
if next_loc == startstop: #exits if route returns to the startstop
break
return best_route, solver.objective_value #returns the route and its total distance
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same_count = 0
for i in range(100):
dist_matrix, location_ids, startstop=create_problem_instance(8, [5,20])
routel, distl = brute_force_solver(dist_matrix, location_ids, startstop)
route2, dist2 = MIP_solver(dist_matrix, location_ids, startstop)
# counts how many times the two solvers produce the same total distance
if distl == dist2:
same_count += 1
print(same_count / 100)
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import time
start = time.time() #startstimer
for i in range(100):
dist_matrix, location_ids, startstop = create_problem_instance(20, [5,20])

route, dist = MIP_solver(dist_matrix, location_ids, startstop)

stop=time.time() #stops timer
print(stop - start) #prints the elapsed time in seconds

188.90074133872986
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from itertools import permutations

def brute_force_solver(dist_matrix, location_ids, startstop):

# excludes the startstop location

location_ids = - { }

# generates all possible routes (location permutations)

all_routes = ( )

best_distance = float('inf') #initializes to the highest possible number

best_route = None # best route so far, initialized to None

for route in all_routes: #foreach route

distance = 0 #total distance in this route

curr_loc # current location

for next_loc in route:

distance += [curr_loc, next_loc] #adds the distance of this step
curr_loc = # goes the next location
distance += [curr_1loc, 1 #goes to

back to the startstop location

if distance < best_distance: #ifthis route has lower distance than the best route
best_distance = distance

best_route = route

# adds the startstop location at the beginning and end of the best route and returns

return [startstop] + list(best_route) + [startstop], best_distance

N
O
o))
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def MIP_solver(dist_matrix, location_ids, startstop):

solver = () #creates a solver

solver.verbose = 0 #setting this to 1 will print info on the progress of the solver
# creates every transition from every location to every other location

transitions = list( (location_ids, location_ids))

N = len(location_ids) # number of locations

# creates an empty square matrix full of 'None' values

x = numpy.full((N, N), None)

# adds binary decision variables indicating if transition (i->j) is included in the route
for i, j in transitions:

x[i, j] = solver. (var_type= )

# objective function: minimizes the distance

solver.objective = (xsum(dist_matrix[i, j] * x[iI[j] for
i, j in transitions))

# Arrive/Depart Constraints
for i in location_ids:

solver += xsum( for j in location_ids - {i}) == 1

solver += xsum( for j in location_ids - {i}) == 1

# Adds a binary decision variable for each location

y = [solver. (var_type= - ) for i in
location_ids]

# Adds connectivity constraints for transitions that do not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids -
{startstop}):
if i != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >= (N + 1) = x[i, j] - N

solver. () #solves the problem
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from controller import Robot

import numpy as np  #used form 1

import os # used for folder creation . 4

import cv2  #used for image manipulation and human detection e @Seiiall el 5 A0S (g9t
from PIL import Image # used forimage object creation e;ﬁ;uimuml(cgﬂu)Robotxg
from datetime import datetime  # used for date and time 5)1Aﬁlg§ualus Coutll LSl Lo

# auxiliary function used for calculations

def

class Mavic (Robot):

- 1445

clamp(value, value_min, value_max):
return min(max(value, value_min), value_max)

Lsllaall LSl 31 il

P8 | PN | PRCA I e |
# constants of the drone used for flight
# thrust for the drone to lift
K_VERTICAL_THRUST = 68.5
# vertical offset the drone uses as targets for stabilization
K_VERTICAL_OFFSET = 0.6
K_VERTICAL_P = 3.0 # P constant of the vertical PID (Constants) culgil! axs :
K_ROLL_P = 50.0 # P constant of the roll PID P
K_PITCH P = 30.0 # P constant of the pitch PID Pl Gy JSy Bag 5ol
.)‘)Eluyb u‘ﬂh.”

MAX_YAW_DISTURBANCE = 0.4

MAX_PITCH_DISTURBANCE = -1

# precision between the target position and the drone position in meters
target_precision = 0.5

def __init__(self):
# initializes the drone and sets the time interval between updates of the simulation
Robot._ _init__(self)
self.time_step = int(self.getBasicTimeStep())

# gets and enables devices
self.camera = self.getDevice("camera"
self.camera.enable(self.time_step)

self.imu = self.getDevice("inertial unit")
self.imu.enable(self.time_step)

self.gps = self.getDevice("gps")
self.gps.enable(self.time_step)

self.gyro = self.getDevice("gyro")
self.gyro.enable(self.time_step)

self.camera_pitch_motor = self.getDevice("camera pitch")
self.camera_pitch_motor.setPosition(0.7)

self.front_left_motor = self.getDevice("front left propeller")
self.front_right_motor = self.getDevice("front right propeller")
self.rear_left_motor = self.getDevice("rear left propeller")
self.rear_right_motor = self.getDevice("rear right propeller")
motors = [self.front_left_motor, self.front_right_motor,

Y4 self.rear_left_motor, self.rear_right_motor]

(X S T
° : o® far. motor in motors: # mass initialization of the four motors

motor.setPosition(float('inf"))
motor.setVelocity(1)



self.current_pose = 6 = [0] #X, Y, Z yaw, pitch, roll

self.target_position = [0, 0, 0] {quﬁgﬁ(x‘ykz)B:Hthtggﬁaaa
self.target_index = 0 (¥ o5l ams¥1 oLyl

. B L . C).u DL ) )
self.target_altitude = 0

def move_to_target(self, waypoints):

# Moves the drone to the given coordinates

# Parameters:

# waypoints (list): list of X,Y coordinates

# Returns:

# yaw_disturbance (float): yaw disturbance (negative value to go on the right)
# pitch_disturbance (float): pitch disturbance (negative value to go forward)

if self.target_position[0:2] == [0, O]: #initialization
self.target_position[0:2] = waypoints[0]

# if the drone is at the position with a precision of target_precision
if all([abs(x1 - x2) < self.target_precision for (x1, x2)
in zip(self.target_position, self.current_pose[0:2])]):

self.target_index += 1

if self.target_index > len(waypoints) - 1:
self.target_index = 0

self.target_position[0:2] = waypoints[self.target_index]

# computes the angle between the current position of the drone and its target position
# and normalizes the resulting angle to be within the range of [-pi, pi]
self.target_position[2] = np.arctan2(
self.target_position[1] - self.current_pose[1],
self.target_position[0] - self.current_pose[0])
angle_left = self.target_position[2] - self.current_pose[5]
angle_left = (angle_left + 2 % np.pi) % (2 * np.pi)
if (angle_left > np.pi):
angle_left -= 2 * np.pi

# turns the drone to the left or to the right according to the value
# and the sign of angle_left and adjusts pitch_disturbance
yaw_disturbance = self.MAX_YAW_DISTURBANCE * angle_left / (2 * np.pi)
pitch_disturbance = clamp(
np.logl0(abs(angle_left)), self.MAX_PITCH_DISTURBANCE, 0.1)

return yaw_disturbance, pitch_disturbance
def run(self):

# time intevals used for adjustments in order to reach the target altitude
tl = self.getTime()
®
.:: : “, L ::al_disturbance =0
®»e. °,%."%, epitch_disturbance =
yaw_disturbance = 0

Rl 1l ajljg
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# specifies the patrol coordinates
waypoints = [[-30, 20], [-60, 30], [-75, 0], [-40, -10]]

# target altitude of the drone in meters

self.target_altitude = 8

(Gaykat! Llss) waypoints
while self.step(self.time_step) != -1: e 621 sleaalls Aol

5" 2
# reads sensors 23 paeual) 3 H5UAI 4

roll, pitch, yaw = self.imu.getRollPitchYaw()
X_pos, y_pos, altitude = self.gps.getValues()
roll_acceleration, pitch_acceleration, _ = self.gyro.getValues()
self.current_pose = [x_pos, y_pos, altitude, roll, pitch, yaw]

if altitude > self.target_altitude - 1:
# as soon as it reaches the target altitude,
# computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 0.1:
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypoints)
tl = self.getTime()

# calculates the desired input values for roll, pitch, yaw,

# and altitude using various constants and disturbance values

roll_input = self.K_ROLL_P % clamp(roll, -1, 1) +
roll_acceleration + roll_disturbance

pitch_input = self.K_PITCH_P * clamp(pitch, -1, 1) +
pitch_acceleration + pitch_disturbance

yaw_input = yaw_disturbance

clamped_difference_altitude = clamp(self.target_altitude -

altitude + self.K_VERTICAL_OFFSET, -1, 1)
vertical_input = self.K_VERTICAL_P =*
pow(clamped_difference_altitude, 3.0)

# calculates the motors' input values based on the
# desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST + vertical_input
- yaw_input + pitch_input - roll_input
front_right_motor_input = self.K_VERTICAL_THRUST + vertical_input
+ yaw_input + pitch_input + roll_input
rear_left_motor_input = self.K_VERTICAL_THRUST + vertical_input
+ yaw_input - pitch_input - roll_input
rear_right_motor_input = self.K_VERTICAL_THRUST + vertical_input
- yaw_input - pitch_input + roll_input

# sets the velocity of each motor based on the motors' input values calculated above
self.front_left_motor.setVelocity(front_left_motor_input)
self.front_right_motor.setVelocity(-front_right_motor_input)
self.rear_left_motor.setVelocity(-rear_left_motor_input)
self.rear_right_motor.setVelocity(rear_right_motor_input)
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# time intervals used for adjustments in order to reach the target altitude
tl = self.getTime()

# time intervals between each detection for human figures

t2 = self.getTime()

Creating a Folder il ¢ LiS)
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# gets the current working directory

cwd = os.getcwd()

# sets the name of the folder where the images

# with detected humans will be stored

folder_name = "detected"

# joins the current working directory and the new folder name
folder_path = os.path.join(cwd, folder_name)

if not os.path.exists(folder_path):

# creates the folder if it doesn't exist already
os.makedirs(folder_path)
print(f"Folder \"detected\" created!")

else:
print(f"Folder \"detected\" already exists!")

Image Processing 5 yg.all dxflze
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."self.getTime() - t2>5.0"

# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.0:

.'. ....

‘ G w.’ #rﬁtrkzes image array from camera
* *.lanferalmg - self.camera.getImageArray()
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# reshapes image array to (channels, height, width) format
cameraImg = np.transpose(cameralmg, (2, 0, 1))
cameraImg = np.reshape(cameralmg, (3, 240, 400))
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# creates RGB image from merged channels

img = Image.new('RGB', (400, 240))
img = cv2.merge((cameraImg[2], cameraImg[1], cameraImgl[0]))

Joela aasias ol evtColor() Al alusiwly gale 3l gyal ) a)5all Jugad @ I usls
cgba il I sVl s g 35391 e 0)l9IYI 5us2) COLOR_BGR2GRAY

# converts image to grayscale
gray = cv2.cvtColor(np.uint8(img), cv2.COLOR_BGR2GRAY)
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# loads and applies the Haar cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade_fullbody.xml")
humans = human_cascade.detectMultiScale(gray)
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# loop, through detected human images, annotates them with a bounding box
# and prints a timestamp and an info message on the console
for (x, y, w, h) in humans:

# the image, the top left corner, the bottom right corner, color and width of the rectangle

cv2.rectangle(img, (x, y), (x+w, y+h), (255, 0, 0), 2)

current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, y_pos))

# saves annotated image to file with timestamp
current_time = current_time.strftime("%Y-%m-%d_%H-%M-%S")
filename = f"detected/IMAGE_{current_time}.png"
cv2.imwrite(filename, img)
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def run(self):

# time intervals used for adjustments in order to reach the target altitude
tl = self.getTime()

# time intervals between each detection for human figures

t2 = self.getTime()

roll_disturbance = 0
pitch_disturbance = 0

yaw_disturbance = 0

# specifies the patrol coordinates

waypoints = [[-30, 20], [-60, 30], [-75, 0], [-40, -10]]
# target altitude of the drone in meters

self.target_altitude = 8

# gets the current working directory

cwd = os.getcwd()

# sets the name of the folder where the images

# with detected humans will be stored

folder_name = "detected"

# joins the current working directory and the new folder name
folder_path = os.path.join(cwd, folder_name)

if not os.path.exists(folder_path):

# creates the folder if it doesn't exist already
os.makedirs(folder_path)
print(f"Folder \"detected\" created!")

else:
print(f"Folder \"detected\" already exists!")

while self.step(self.time_step) != -1:

# reads sensors

roll, pitch, yaw = self.imu.getRollPitchYaw()

X_pos, y_pos, altitude = self.gps.getValues()

roll_acceleration, pitch_acceleration, _ = self.gyro.getValues()
self.current_pose = [x_pos, y_pos, altitude, roll, pitch, yaw]

if altitude > self.target_altitude - 1:
# as soon as it reaches the target altitude,
# computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 0.1:
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypoints)
tl = self.getTime()

# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.0:

. getrieves image array from camera
eee %, ,°°, 6ameraImg = self.camera.getImageArray()
ve .'.0,'.0:. e

# checks if image is successfully retrieved

| "||ﬁiJU£3 if cameralmg:
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# reshapes image array to (channels, height, width) format
cameralmg = np.transpose(cameraImg, (2, 0, 1))
cameraImg = np.reshape(cameralmg, (3, 240, 400))

# creates RGB image from merged channels
img = Image.new( 'RGB', (400, 240))
img = cv2.merge((cameraImg[2], cameraImg[1], cameraImg[0]))

# converts image to grayscale
gray = cv2.cvtColor(np.uint8(img), cv2.COLOR_BGR2GRAY)

# loads and applies the Haar cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade_fullbody.xml')
humans = human_cascade.detectMultiScale(gray)

# loop, through detected human images, annotates them with a bounding box
# and prints a timestamp and an info message on the console
for (x, y, w, h) in humans:

cv2.rectangle(img, (x, y), (x+w, y+h), (255, 0, 0), 2)

current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, y_pos))

# saves annotated image to file with timestamp

current_time = current_time.strftime("%Y-%m-%d_%H-%M-%S")
filename = f"detected/IMAGE_{current_time}.png"
cv2.imwrite(filename, img)

t2 = self.getTime()

# calculates the desired input values for roll, pitch, yaw,
# and altitude using various constants and disturbance values
roll_input = self.K_ROLL_P * clamp(roll, -1, 1)

+ roll_acceleration + roll_disturbance
pitch_input = self.K_PITCH_P * clamp(pitch, -1, 1)

+ pitch_acceleration + pitch_disturbance
yaw_input = yaw_disturbance
clamped_difference_altitude = clamp(self.target_altitude

- altitude + self.K_VERTICAL_OFFSET, -1, 1)
vertical_input = self.K_VERTICAL_P * pow(clamped_difference_altitude, 3.0)

# calculates the motors' input values based on the desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST

+ vertical_input - yaw_input + pitch_input - roll_input
front_right_motor_input = self.K_VERTICAL_THRUST

+ vertical_input + yaw_input + pitch_input + roll_input
rear_left_motor_input = self.K_VERTICAL_THRUST + vertical_input

+ yaw_input - pitch_input - roll_input
rear_right_motor_input = self.K_VERTICAL_THRUST + vertical_input

- yaw_input - pitch_input + roll_input

# sets the velocity of each motor based on the motors' input values calculated above
oo, sel?ﬁ%wnt_left_motor.setVelocity(front_leftjwtor_input)
0o, , % selfafrOnt_right_motor.setVelocity(-front_right_motor_input)
S UC .'-}Elf?fbar_left_motor.setVelocity(—rear_left_motor_input)
self.rear_right_motor.setVelocity(rear_right_motor_input)
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